Background: Several studies have compared early-onset Parkinson disease (EOPD) and late-onset Parkinson disease (LOPD) but most are not based on autopsy confirmed cases. Methods: We compared clinical and pharmacological profiles, time to reach irreversible Hoehn and Yahr (H&Y) Stage 3 and levodopa motor complications in autopsy confirmed EOPD and LOPD cases. Results: At first clinic visit EOPD cases were younger but had longer disease duration and they died at a younger age (all p < 0.0001). Anti-Parkinsonian drug use, including levodopa, was significantly delayed in EOPD. Lifetime use of amantadine (p < 0.05) and dopamine agonists (p < 0.01) were higher in EOPD. While lifetime use of levodopa was similar in the two groups, levodopa was used for a significantly longer period by EOPD (p < 0.0001). EOPD had a higher cumulative incidence of dyskinesias (p < 0.01), wearing-off (p < 0.01), and on-off (p < 0.01). However, the time to dyskinesia onset was similar in the two groups. The threshold to wearing-off was much longer in EOPD (p < 0.01). H&Y stage profile at first visit was similar in the two groups. The duration from disease onset to reach irreversible H&Y stage 3 was significantly longer in EOPD. Conclusions: Our observations indicate that progression of PD is slower in EOPD and suggest that the preclinical interval in this group is longer. These findings can be used for case selection for drug trials and studies of the pathogenesis of PD. RÉSUMÉ: Maladie de Parkinson à début précoce et à début tardif : étude anatomo-clinique. Contexte: Plusieurs études ont comparé la maladie de Parkinson à début précoce (MPDP) et la maladie de Parkinson à début tardif (MPDT), mais la plupart de ces études ne reposent pas sur des cas dont le diagnostic a été confirmé en anatomopathologie. Méthode : Nous avons comparé les profiles cliniques et pharmacologiques, le délai pour atteindre le stade 3 irréversible à l'échelle de Hoehn and Yahr (H&Y) et les complications motrices du traitement par la lévodopa chez des cas de MPDP et de MPDT confirmés à l'autopsie.
Age is the most important risk factor for Parkinson's disease (PD). Mean onset age reported by most studies is in the early 60s. [1] [2] [3] Early onset of PD (EOPD) lacks a consistent definition. Some studies defined EOPD as onset of motor symptoms before age 40 [4] [5] [6] [7] [8] but others expanded the definition to include onset before age 50. 5, [9] [10] [11] [12] Most studies found that between five to ten percent of all PD cases had early-onset. 2, [5] [6] [7] 13, 14 Early onset has been subdivided with one group having onset less than 21 years of age, termed juvenile. This is a very rare, often familial form with somewhat atypical clinical presentation and pathology that may not be Lewy body disease. 5 The reported age for late-onset PD (LOPD) is also not uniform 6, 8, [10] [11] [12] but generally includes those with onset after age 60 years. Very few EOPD studies have used pathologically confirmed cases of PD. 10, 15 Early onset PD cases are reported to have a more benign progression of disease, delayed onset of falls and longer survival. 5, 12, [15] [16] The EOPD cases are less likely to have gait disturbance as the presenting symptom and have more pronounced rigidity and bradykinesia compared to LOPD. 8, 10 Most PD cases benefit from levodopa 17 but, with prolonged use, the benefit declines as patients develop motor complications including dyskinesias, end-of-dose wearing-off (W-Off), and onoff phenomenon (On-Off). 18, 19 A clinicopathological study reported that those with higher cumulative incidence of levodopa induced motor complications were younger age at initiation of treatment, were on a larger daily dose of levodopa, and were on the drug for longer period of time. This group also had longer follow-up and longer survival. 19 These cases were not dichotomized by age of onset. Another clinicopathological study reported on the severity of motor complications. 18 Those with moderate to severe motor complications were younger at onset and had longer disease duration compared to patients with mild motor complications. 18 Some studies report that EOPD cases received a higher daily dose of levodopa 12, 15 but others did not find such difference. 20 Early onset PD cases are more likely to have ever been treated with anticholinergics and dopamine agonists compared to LOPD. 8 Two recent reviews reported that EOPD had less frequent gait disorders and slower disease progression but more frequent and earlier onset of levodopa induced dyskinesias and other motor complications. 5, 13 The majority of EOPD studies lack pathological confirmation of diagnosis and may thus have included other Parkinsonian variants. 21, 22 We present a study of autopsy confirmed PD cases. The objective was to compare clinical characteristics, pharmacological profile including complications of levodopa treatment, and progression of disease in EOPD and LOPD cases.
METHODS

Patients and Data
All patients were assessed at the Movement Disorders Clinic Saskatchewan (MDCS) by one or both movement disorders neurologists (AHR, AR) between 1968 and 2009. All residents of Saskatchewan carry a general tax-funded health care and prescription drug insurance. Patients are generally referred by family physicians and as a rule are evaluated at 6 to 12 month intervals. Pertinent information on patient demographics, motor symptoms, medication use and side effects, and motor complications were obtained. Hoehn and Yahr (H&Y) stage was recorded at each clinic visit 23 but, for practical considerations, patients were not always evaluated in ON or OFF phase, as has been noted by others. 24 For this study all variants of dyskinesias (peak dose, biphasic, square-wave, and off-period dystonia) were classified collectively. 19 A predictable decline in motor function at the end of levodopa dose when the patient had a previously stable response and was receiving three or more daily doses, which improved with next dose was classified as W-Off. 19 Sudden, unpredictable, and pronounced short-duration worsening of Parkinsonian features, which resolved spontaneously, was classified as On-Off. 19 These motor complications (dyskinesias, W-Off, On-Off), symptomatic benefits, and freezing of gait (FOG) were all reported as cumulative incidence. Early onset of dyskinesias on large doses of levodopa during the 1960s led the MDCS to use lower doses. 25 Plain levodopa dose was converted to levodopa-carbidopa combination using 5:1 equivalency. 26 We report these doses as levodopa-carbidopa combination.
Prior to 1987, upper limb bradykinesia, rigidity and tremor were measured according to Webster 27 and global severity by H&Y scale. 23 Subsequently, modified Unified Parkinson Disease Rating Scale (UPDRS) and modified H&Y scale have been used. 28 In order to maintain uniformity the modified H&Y stage 1.5 was reclassified as stage 1 and stage 2.5 as stage 3. 29 Hoehn and Yahr scale has a high Spearman's correlation with UPDRS and other rating scales that measure motor impairment. 30 We also conducted a Kaplan-Meier survival analysis of irreversible progression to H&Y stage 3 from disease onset. For this analysis we included patients who were documented to be at a H&Y lower than stage 3 at first MDCS visit and then at any future MDCS visit progressed irreversibly to H&Y stage 3. Progression was considered irreversible if the patient remained at H&Y stage 3 and did not reverse on optimal treatment. 31 Between clinic visits any patient concerns, unusual events, or medication adjustments were recorded prospectively and subsequently confirmed at the next clinic visit. Any anti-Parkinsonian drug changes required between MDCS visits were recorded prospectively. Patients were also instructed to contact the MDCS neurologists for any concerns between visits. All clinical data collected on an ongoing basis were preserved in our laboratory.
Clinical diagnosis of parkinsonism (PS) was based on the presence of at least two of three cardinal motor symptoms of resting tremor, rigidity, and bradykinesia. 22 Final diagnosis of PD was based on pathological findings. 21, 22, [32] [33] [34] Disease onset was defined by recognition of the presence of any one of tremor, bradykinesia or gait disturbance as reported by the patient or other observer. For this study we focused on only PD cases. Inclusion criteria for EOPD were: patients with clinical symptoms of PS, autopsy confirmed pathological diagnosis of Lewy body PD, and documented onset of motor symptoms between 21 and 50 years old. Brain material was available on 13 of 22 cases for genetic testing; no mutations were identified in LRRK2 (G2019S), SNCA, PARK2 (parkin), or DJ-1 (unpublished data). A novel genetic mutation (DNAJC13) was identified in one familial group but none of these cases were included in this study. 35 A comparison group of LOPD was identified from MDCS cases by a random number generator with inclusion criteria of: clinical motor symptoms of PS starting at 65 years of age or older and autopsy confirmation of PD.
Autopsy and Brain Study
All patients are offered autopsy at no cost and are assured that their decision would not impact ongoing care at MDCS. Consent for autopsy was granted by the next-of-kin after death of the patient. The University of Saskatchewan Ethics Board granted approval for the use of the brain for research. Retrieval, preservation and histological preparation of brain tissue has been described elsewhere. 19 Pathologic studies were performed by qualified neuropathologists. Only those patients with marked substantia nigra neuronal loss and Lewy body inclusions without evidence of other Parkinsonian-related pathology were included. 31 Other PS variants such as multiple system atrophy and progressive supranuclear palsy were excluded. 19, 22, 34, 36 Cases that had ablative surgery for PD were also excluded.
Statistical Analysis
Continuous variables were described by mean, standard deviation, median, and ranges. Categorical variables were described by frequency and percent. Differences between EOPD and LOPD subjects for characteristics of interest were tested by using Chi-squared or Fisher exact tests and t-tests or Wilcoxon rank sum test where appropriate. Kaplan-Meier survival curves were generated for time from symptom onset to irreversible H&Y stage 3 for both EOPD and LOPD groups. All statistical analysis was performed in SAS ver. 9.1 software.
RESULTS
During the study period (1968-2009) 239 cases had pathologically confirmed diagnosis of PD of which 24 were classified as EOPD. Two EOPD cases were excluded due to lack of longitudinal follow-up. The EOPD group for this study consisted of 22 pathologically confirmed cases. Forty-four LOPD cases were randomly selected from the MDCS data file for comparison. Table 1 summarizes baseline characteristics. There was no statistical difference between EOPD and LOPD regarding sex, median H&Y score, or family history of movement disorders. The distribution of H&Y stages at first MDCS visit was similar between the two groups. Early onset PD had much longer duration of symptoms at first MDCS visit, had longer follow-up and longer survival, but died at a much younger age compared to LOPD. Although not statistically significant, the presenting symptom of bradykinesia or both tremor and bradykinesia were slightly more common in EOPD but tremor onset was more common in the LOPD. Only three cases had postural instability and gait difficulty (PIGD) onset and all were LOPD. Since only six (27.3%) EOPD cases had an age of onset less than 40 years, we did not conduct a separate comparison of that group with the LOPD. The pharmacological profile is summarized in Table 2 . Levodopa was the most common initial anti-Parkinsonian medication prescribed by a physician regardless of onset age. There was no statistical difference between the two groups regarding which anti-Parkinsonian medication was used first. Referring physicians were more likely to have prescribed an anticholinergic as the initial anti-Parkinsonian medication. A much greater proportion of EOPD had been prescribed levodopa prior to first MDCS visit (p < 0.01). Lifetime medication use demonstrated that a significantly greater proportion of EOPD cases were prescribed a dopamine agonist (p < 0.01), amantadine (p < 0.05), and anti-cholinergic (p < 0.0001) medications. Early onset PD had longer disease duration prior to levodopa treatment. Additionally, EOPD were on levodopa therapy for an average of 17.3 years compared to only 7.5 years in LOPD (p < 0.0001).
During the study interval a greater proportion of EOPD developed one or more motor complications ( Table 3 ). All 18 EOPD with motor complications had dyskinesia. Of the 24 LOPD with motor complications, all but four cases had dyskinesia; those four had only W-Off (data not shown). On-off phenomeanon was the least common motor complication. While there was no statistically significant difference in the cumulative incidence of FOG, the EOPD cases experienced FOG much later in the course of disease as well as after levodopa initiation (p < 0.01). In EOPD, W-Off developed after longer duration of LD use (p < 0.01) and were on a higher daily dose of LD (p < 0.05). There was no statistically significant difference between EOPD and LOPD for the development of dyskinesias. Irreversible progression of disease, in spite of optimal drug therapy, is summarized in Figure 1 . Early onset PD had a significantly longer duration of symptoms before reaching irreversible H&Y stage 3 from symptom onset compared to LOPD. The mean time from symptom onset to irreversible H&Y stage 3 was 22.3 years (95%CI: 14.8-29.8) for EOPD and 8.9 years (95% CI: 6.9-10.9) for LOPD. Four (18.2%) EOPD and 14 (31.8%) LOPD did not progress during follow-up at MDCS or, in other words, they had the same or lower H&Y score at their final MDCS visit compared to the first visit. This difference did not reach statistical significance (p = 0.38). For EOPD cases there was no significant difference between the cases who did not progress and the remainder of that group concerning survival (p = 0.15), mean number of years of MDCS follow-up (p = 0.30), or mean years from final visit to death (p = 0.54). For LOPD there was no significant difference between cases who did not progress and the remainder of the LOPD group concerning survival (p = 0.22) and mean years from final visit to death (p = 0.81). However, the mean years of follow-up at the MDCS was significantly shorter (p = 0.007) for those cases who did not progress (mean(SD) = 3.3 (2.5)) compared to the remainder of the LOPD group (mean(SD) = 5.9 (3.1)).
DISCUSSION
Early-onset of PD has been defined as onset between 21 and 40, 4-8 or up to age 50. 5, [9] [10] [11] [12] We used onset age 21 to 50 years in EOPD. There were no genetic mutations present in any EOPD or LOPD cases and all cases had Lewy body pathology. The prevailing belief is that there is a higher frequency of family history in early-onset PD. However, as pointed out by several authors, some of these studies included childhood and juvenile onset which would thus include a higher proportion of genetic variants such as PARK2 (i.e. parkin). 7, 37 When juvenile and early-onset cases are appropriately separated the difference in frequency of family history is large. In one study, 16% of young onset cases had at least one affected first-or second-degree family member while 50% of juvenile-onset cases reported at least one first-degree family member with PS. 38 Similar to our study, others have demonstrated that when genetic variants were accounted for, the difference between EOPD and LOPD for frequency of family history is not statistically significant. 10, 39, 40 The autopsy confirmed cases reflect the overall MDCS population in terms of the frequency of EOPD. Additionally, EOPD and LOPD groups in this study do not differ from those age groupings in our overall clinic population concerning gender, age of disease onset, age at first visit, and survival. However, EOPD cases had more severe global disability at first visit. Fifty percent of the EOPD cases had H&Y score of 3 or greater compared to 15% in the rest of our clinic population (Unpublished data). This could introduce a bias as younger onset of disease with more severe disability may lend well to brain donation, though the option of autopsy is offered to all patients at some point. There is very limited literature on comparison of EOPD and LOPD in autopsy confirmed cases. One study used pathologically confirmed cases but, unlike our report, the clinical and pathological investigations were not conducted on the same group of cases. 10 Another study used pathologically confirmed PD cases but the primary focus of the study was to characterize PD subtypes and cases were not dichotomized to compare EOPD and LOPD. 15 There was no statistical difference for the mode of motor onset between EOPD and LOPD in our cases. Previous comparative clinical studies show no consistent difference for tremor onset between EOPD and LOPD 6,8,10-13 but EOPD cases were less likely to present as gait disturbance. The higher incidence of gait disturbance at onset in LOPD cases may represent confounding effect of old age and co-morbidity. 13 Alternatively, it may reflect rapid disease progression in LOPD. 41 Similar to other observations, EOPD cases attended our clinic after longer disease duration. 8, 10, 12 Despite that, EOPD cases came to our clinic at similar global disability (H&Y score) as LOPD cases. Other studies that evaluated baseline H&Y score also found no significant difference between early-onset and late-onset PD. 6, 8, 39, 42, 43 However, none of the pathologically confirmed studies evaluated H&Y score at baseline. 10, 15 Taken together, these observations indicate that PD patients come to Movement Disorders clinics after reaching a specific level of disability rather than after a certain duration of symptoms. This suggests that EOPD cases are initially less bothered by slowly progressing symptoms. Similar to previous reports, we found that EOPD died at a much younger age 10, 15 but also had much longer duration of symptoms, which is consistent with slower disease progression in EOPD. An alternative explanation is that LOPD experience a more rapid disease progression as onset occurs during a time of life when there are more co-morbidities and there is lower substantia nigra (SN) age related reserve. There are normal age related cellular processes predisposing to neurodegeneration along with a concomitant loss of compensatory strategies against cell damage and death. 44 The pathogenesis in PD also has a cascade of age-related events that lead to cell death. Cell loss in the SN pars compacta in PD occurs preferentially in the ventral portion while in normal aging the cell loss occurs preferentially in the dorsal portion at a greater than 3:1 ratio. 45 As such, the older chronological age of LOPD could add enough normal cell loss, in addition to that occurring in PD pathology, to account for the more rapid progression of disease compared to EOPD.
Levodopa was the most common initial drug prescribed in both groups. Prescription of anti-Parkinsonian drugs including levodopa was significantly delayed after onset in EOPD compared to LOPD. As reported in other studies 8, 39 our EOPD cases received anticholinergics and dopamine agonists more often. It is common practice at MDCS to use amantadine in patients with mild symptoms and as an adjuvant therapy to help control troublesome dyskinesias. 46, 47 This may account for the higher amantadine use in our EOPD group. A handful of EOPD publications reported that the average time from symptom onset to first use of anti-Parkinsonian medications ranged from 2.1 to 3.3 years 12,15,48 , two of them reporting only on time to levodopa use. In our study the mean time to start any anti-Parkinsonian medication was much longer. We speculate that some EOPD patients may have delayed seeking care for mild disability given they were mostly younger males. Additionally, the diagnosis of PD may have been missed or not even considered by the referring physician because of the young age of these patients.
The higher rate of motor complications observed in our EOPD cases is consistent with similar observations in other comparative studies, 8, [10] [11] [12] 20 in cluster analyses, 15, 39, 49 and in studies that investigated factors linked to levodopa complications. 19, [50] [51] [52] There is no consensus on how soon after commencing levodopa therapy the dyskinesias manifest. Some found no significant difference between EOPD and LOPD 10, 12 as in our study, while others reported that dyskinesias occurred sooner after levodopa initiation in the early-onset group. 8 No significant difference in levodopa dose at dyskinesia onset has been reported between EOPD and LOPD. 10, 12, 20 Although daily levodopa dose was marginally higher at dyskinesia onset in our EOPD cases, the difference was not significant. Both groups manifest dyskinesias after comparable duration and comparable levodopa dose at dyskinesia onset. Levodopa dose and duration of drug use and advanced disease are risk factors for dyskinesias. Our EOPD cases had longer duration of levodopa use and longer clinical follow-up ( Table 1 ) which could account for the higher cumulative incidence of all motor complications ( Table 3) .
In contrast to previous reports we found that development of W-Off occurred much later after initiation of levodopa therapy in EOPD compared to LOPD. 20, 53 There is no agreement on the severity of functional decline required to classify W-Off. 19 Additionally, mild W-Off is subjective and with greater awareness a mild decline can be easily identified. The W-Off in the two groups was measured by the same criteria by the same two neurologists. With progression of disease and longer duration of treatment the response to levodopa dose shortens and the therapeutic window narrows. 50 As such, motor complications manifest and worsen with time. The higher frequency of dyskinesias and motor response fluctuations in EOPD could merely reflect the longer survival/follow-up in this group.
The H&Y scale is frequently used as the marker of PD progression. 41, [53] [54] [55] [56] [57] In the study by Sato et al., 53 young age of onset (< = 50 years) were slow to reach H&Y stages III, IV, and V after onset. We found similar results concerning progression to H&Y stage 3. Although disease progression is slower in EOPD there is a more profound effect on life expectancy. One study showed that, when compared to the general population, youngonset PD (24-39 years) lost 11 years of life in absolute terms versus four years in late-onset PD (>65 years). 13 We also observed that time to levodopa initiation was much longer in EOPD. These results suggest that EOPD has a slower disease progression and the need for drug therapy is delayed. The longer time to H&Y stage advancement could indicate a blend of both unique characteristics of EOPD and the pharmacology of levodopa in this group. Given the pathological similarities between EOPD and LOPD in our cases, only the age-related difference is the most likely basis for the observed clinical differences.
The main weakness of this study is the relatively small sample size. Since EOPD account for about 5-10% of PD cases, larger sample size of autopsy confirmed cases was not available. Another deficiency shared by all such studies is the use of the previously collected clinical data. Because there was no a priori hypothesis of differences between EOPD and LOPD, our approach avoids data collection bias. The data were collected by the same two neurologists for all cases in both of the groups over the same period. While our sample size of EOPD is small, all subjects were followed at the same clinic and had pathologically confirmed PD.
In conclusion, the impact of EOPD is profound. Although EOPD have longer disease progression and survival in absolute terms, it comes at the cost of increased years of life lost compared to both LOPD and the general population. Also, despite delayed initiation of levodopa, EOPD patients develop more complications of this therapy and are more likely to be treated with amantadine, dopamine agonists and anticholinergics. Pathology may be a key factor to the more rapid progression in LOPD due to the additive effect of age-related nigral cell loss. If a preclinical marker of PD were available, these cases could be used to study neuroprotective agents. These data can be used for case selection for symptomatic drug trials where therapeutic benefits, adverse effects and progression of disability are investigated.
